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ABSTRACT 

This ceport outlines the accomplishments of the LOGO 
project of the MaBSachnsetta institute of Technology's irtificial 
intelligence laboratory auring th^ period 1973-1975, Thcee najor 
areas of work are liatads (1) buiiaing learning environments, (2) uhe 
theory beliind the environments, and (3) experisaenting with learning 
environments. M7anc«s in the design of eomputei hardiiare and 
software ace reported; theaa led to expansion of the activities and 
the grade leTels of stadents using the system, lavances in theory are 
reported ip six content areass oathematics^ physics, biology, nusic, 
games and siinlation., and language. Ixperlments related to teaching, 
piagetian psychology, learning laboratories, work with 
secondary-school and college students, and learning experiments are 
reported. Goals foi 1975-1976 are listed in each section, CSD) 
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ABSTRACI^ , ^ ^ 

Over the past Iwq y^urs, the Logo Project ^as'gruwn along 
many dimensions. This dQCvmsnt provides an cv^rvlew in Qutlme 
form of the maih activities and accomplishnients of the past as well 
as the major goale guiding our current reoeorch. Research on the 
design of learning environments^ the qorrespandlng davelopmenl of 
e theory of learning and the exploration of teaching arlivjitea in 
these environnnents Is presented 



. The work reported In this paper wja suppoited by the TsjaEiona! Scifnce Foundation 
under grant number ECH0708X and conducted at the Artificial Intelligence Laboratory, 
Massachusetts Institute of TechnQlogy, Cambridge, Masiachuietci. 

The views and conclusicni containrJ in this paper are those of the authors and should 
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National Science Foundation or the United States Government. 
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Logo Progress Report 

The basic theme of tihe Logo Project is tha deiign of new leafnlng environments. This 
endeavor is grounded In both theory and experiment. The theorttical foundation is a ntw 
approach to understanding knowledge and learning based on the computational paradigm. This 
novel view of psychology and epiicamology has led to both the construction of devices that support 
a far more active learning environment as well as the reformulation of curricula .In ways mor^ 
consonant with the nature of learning. . 

The eKperimen''al activity involves designing teaching and learning activities around 
these environments with students of different ages and backgrounds. Feedback from these 
experiments is vital to the debugging of the learning envlronmint and of the underlying 
pedagogical theory, 

^ The overview provided in this report is organ ized snto an outline with the major 
fieadings: 

I Building Liarnlng Environments 

2. The Theory Behind the Environments 

3. EKperimenting with Learning Environments. 

We hope that this division into separate headings dQes not result in a distorted impression of our 
work: It is crucial to QuC intellectual approach that we do not separate the design of computer 
devices from the development of new content areas, nor the creation of edueational computer 
languages from careful investigations into the nature of knowledge and learning. For the purposes 
of this report, however, we have divided things up In precisely this way in order to more clearly 
highlight specific accomplishments and goals. (For a general description of the project's goals, the 
reader is directed Co the original proposal "The Uses of Technolo|y to Enhance Education,'^ 
published as M.I.T. Artificial Intelllgenci Memo 298.) 

The sections of this report are modular and the riider Is invited to use the table of 
eantents as a guide for choosing those sections which are of greatest interest. 
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L BuildinR New Learnin j Environments 
1,1 Educa tjQna ! Devices 

Two years ago, the Logo pmject had developed a collection of mobile turtles^ some with 
touch sensors, a music box and several kinds of graphic diiplays. During the past two years, new 
kinds of devices have been constructed. These are listed below. 

LL V Light - Se nsing turtlBs 

The first version of a seeing eye turtle was designed during I973''I974 by T. Callahan and 
D. Alpert. A single photo cell was coupled to controlable mirrors to allow the turtle to direct its 
Sight in different directions and different inclinauons without actually moving. Experiments with 
this turtle led to projects dealing with feedback and coordinate systems (discussed In section %t2 
below). During 1974-1975, we also began ^ork on a second genefatlon ^eye turtle'' which 
incorporates an automatic scanning mechanUm and a linear retina, and we expect this device to 
provida a forum for teaching about signal procesiing and functions (See section 2.13.). A goa! for 
1975-1976 is to complete construction of this device and to develop th^ associated projects. 

14.2 Digita l Logic 

During 1973-1974, we expiored the realm of digital logic design as a new domain in which 
students could explore fundamental cognitive ideas. A project which illustrated this was that of 
designing '*turt!e ears" This project allowed the student to address in an active way concepts 
which involve, on one hand, the nature of problem solving, planning and debugging, and on the 
other, the physics of sound and the nature of time. Preliminary work has been done to make thli 
domain accessible to students by designing digital logic lab stations thai can link with the Logo 
computer 

A goat for 197SM976 is to complete the desifn of smh statmns and continue the 
development of this project area with students. . 

LL3 EchoiocatiQn 

The work on 'turtle ears** mentioned above led to the construction of a "turtle bat" which 
utiiiEes a computer-controlled sonar system, We have not yet developed this to i stage where It ran 
be conveniently used by children, but a goal for 1975^976 is tj do so In conjunction with work on 
the physics of sound. 

LL4 Operatlsnal Arnplfflers 

During 1974-1975, J. Lindqulst began work on i different area of electronics based en 
making operational amplifiers conceptually and materially accessible to young students. This has 
resuteed in the development of a first "op amp construction kit" A goal for 1975M976 will be t© ttst 
this kit in a variety of teaching situations. 

lAM Terminals f^r Very Young Chlidrtn 

For ^ome years we have eKperimented with special control devices such a$ the "button 
box," designed and built by R, Perlman, one of our |raduate research ^sslitanls. This Is a 
computer input device which has keys for turtle commandi, numbers and the primitives nf€ded to 
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create procedures. Using Che button box initead of a full typewriter keyboard greatly improves the 
ratio of "action obtained" to "frustration'' for very young children. This year experiments at the 
first grade level were much more extensive and sysiernatic than previously. Our ability to use the 
button boK grew substantially. So did our awareness of its limilatsoni which has been translated 
Into the design of severa! alternative initiation devices. One of these, "the slot machine," has been 
built by R. Perlman in collaboration wuh D. Hillis, an undergraduate at the lab. The slot machine 
allows programs to be physically constructed by placing cards in slots. The cards are marked with 
visibie symbols (to be read by the child) for particular commands and carry corresponding 
punchout hole codes to be read by the rnachlne. 

During 1975-1976, a goal will be to interface the slot machine with the computer and run 
experiments on Its merits as an Introductory programnnln| medium for the beginner. 

Light Sensing Plotter 

We have eKperirnented with a novel way of using a plotter with a photo-diode in placf 
of the pen. This provided the background for a numbsr of projects in pattern rc^cognition carried 
out by a class of high-school students under the direction of N. Rowe, an MIT undergraduate. 

1.1.7 Elect ric Trains 

During I974-!975» another group of hi|h=school students, under the directjon of J. Evans, 
constructed and experimented with a "computer-controlled traniportation system" by attaching the 
switching mechanisms in an electric train set to our computer. 

I AM "TV" Dispiays 

The first Logo display system involved the use of vector^display generators. Such 
displays suffer from the problem of being limited In the amount of picture that they can display 
before flicker becomes noticeable. The decrease in the cost of memory makes feasible an 
alternative raster scan TVs that allow arbitrary amounti of information including patterns 
and textures to be displayed. 

During I974M976, R, Lebel completed the construction of our new raster scan displays, 
and these are currently being rntegrated into our computer system for use with children during the 
fall. 

Coals for 1975-1976 are to design projects that take advantage of the capabilities provided 
for drawing solid areas, gray scales and color. 

LL9 Ramote Displiys 

During 1974-1975» some members of our research group also participated with M. Mlnsky 
in the design of another, conceptuplly very different, diiplay system. A first version of this system 
was built and led to a thorough re-design which is now completed. The ''Minsky" displays have 
the advantage of operating remotely over telephone lines and of serving ai prototypes for the 
design of a new educational coitiputer (See section 1.2.4.}, A project for the coming year li to 
construct prototypes for incorporation Into the Logo system and eKperiment with their unique 
apabilities for educational applications. 
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i,2 Cor^puter Systems 

L2.1 Th© SiTS Tjniesha ring System 

Originally Logo was implemented in asiembly language on the PDP-10. In order to 
provide a computer system dedicated to educational use, it was adapted for the PDP-U. The first 
miiestone in this direction was the completion in 1973-1974 of a dedicated tlmtsharing system 
runnini IILOGO. 

This was not an entirely satisfactory solution becauie of the inability of the systim to be 
self-maintaining or to run other languages or special purpose jobs (Ijke a simulation environment 
or an educational real-time game). During 1974-1976, our programming staff, under the direction 
of Lebe!, completed the design and implementation of a general purpose multi-language 
timesharing syscem for the PDPIl/45. The SITS timesharing system was developed to provide an 
environment suitable for running Logo and other PDPll/45 programs. It incorporates a Multlcs- 
like tree structured file syscem including (potentially) full access control It also provides uniqut 
capabilities for running programs as multiple process systems, rather than the more common single 
process approach, and the ability for each user to run many jobs simultaneously. The systenn 
includes provisions for using both the older refreshed displays and our new raster displiys. 

1.2.2 Modi fications Iq the logo Language 

The Logo language has never seemed to us to be a completed entity. Gradual evolution 
has occurred over the years, making the language more powerful and convivial for chlldrtn.. 
During 1973^974, such features as decimal arithmetic and arrays were added. This was made 
necessary by various projects for children requiring their use. 

During 1974-1975, additional modifications included extension of the filing system, the 
development of a **rea1-timf editor"* made possible Dy our TV displays, and new commands to allow 
for "instantaneous response" from keyboards and switches. For example, one can now write 
programs which cause the teletype keyboard to simulate an organ keyboard, This facility also 
came in useful in our work in physics (Section 2.5,1) and in implementing the Fastr system (Section 

A current issue is whether we now have enough eKperlence to f^dically redesign the 
language This is discussed separately below in section "14?. 

L2.3 Rasearch on Ub^n Anifnation Systems , 

The increased capabilities ot our TV displays, as well as the Minsky display, has recently 
led to a flurry of research on eKtensions to Logo to provide more flexible and powerful animation 
racillttes. Two rather different prototype systems were implemented by H. Lieberman and D. 
Hillis. This work alsQ leads directly to ideas about new computer languages (Section 1.3.2) and wa 
expect it to be actively pursued in 1975-76. 

L2.4 DevelopinE a Desjen for a New CQmputar 

We have become convinced that the time is now ripe for designing a small but very 
powerful computer for educational use. Under Professor Mrnsky's direction, several rOMnds of 
design have been undertaken. A goal for I975M976 is to bring thest designs to fruition in the form 
of a working model of a personal student computer. 

8 
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L3 Research i CQmputer Lariguages 
1.34 LogQ Subsystems 

One of the most important syntactic differences between LogQ and more commonly used 
languagfi like BASIC and FORTRAN is that Logo is an exEe risibl& language In other words, 
invoking a user^dffined procedure is syntactically identical to invokin| a system primitive, This 
makts it possible for the ctessroom teacher to substantially modify the way Logo "appears to the 
children,'* or to develop special purpoii subsystems without having to get involved with systems 
programming. We have experimented with this facility in a number of different ways: 

1.3AA The Teach System 

Solomon has developed a subiyitem called Teach and has extensively tested It in 
classroom use; When this is in operation the beginner is prompted by the computer in the prDcess 
of defining a new procedure Problems of lupplying line numbers and filing the procedure away 
when it is defined are automatically taken care of by the system. These, and other features, rdievt 
a nervous btginning student of the burden of Ideas which are not on the main line, towards thf 
moinent when he can write his own procedure and see it run. 

LaL2 The Fastr System 

Another introductory environmint for students at an even more elementary level was 
designed, implemented and extensively tested by P. Goldenberg. This is the Fastr (fast turtle) 
system,- When it is in operation, merely pressing the T key on the teletype, for example, will causf 
the turtle to move forward. After a drawing has been made in this "etch-a-sketch mode* the 
sequence of commands Is automatically defined as a procedure which can then be used as a module 
in constructing more complex drawing. This system proved highly successful as an Introduction to 
L^o for very young children. 

La 1.3 Pattarn Matching 

K. Kahn, one of our graduate students, implemented a sub system incorporating into 
Logo modern computational ideas about pattern matchinf and generation. He then used this in 
teaching children and txpanded upon previous Logo work with sentence generators and qther 
linguistic processing. 

LaL4 Parallel Pracessing 

A parallel processing sub system was designed by H.. Abelson and implemented by a 
graduate assistant, O. Clemenson. This was used in providing undergraduate math students with 
an introduction to the theory of Differential Games (See Section 24 6.). 

Lag Dav#lopini Ideas for a New Cornputar Language . 

Whtn Logo was first proposed almost ten years ago it rfpresented ari attempt to build ft 
language which would be suitable for children and also have powerful ftvures of the advanced 
languages of that period* In the meintime the advanced languages have for|;ed ah^d and. 
developed many featurei which would add r« the power of a beginner's, language, We have 



always thought of Logo as a grpwing enticy which has |raduaily evolved since its first conception. 
But mi all changes can be made in this local way» and we feel that the time has come to pJt m 
najor effort into exploring new approaches to programming languages for eduntion. 

It might be felt that this approach is out of touch with reality. Since Logo did not 
succaed in displacing BASIC as the almost universal computer language for schools, suraly 
introducing an even more advanced language is a foolish notion! This may be true, and we do nol 
suggest putting all the eggs. in the one basket of new languagei. On the other hand there are 
objective reasons for the fact that BASIC remains entrenched, and some, of these ara now 
beginning to vanish. Among these reasons are; 

the economics of computers which in the past placed a prtmium on a 
language which could eHist in a small memory 

the lack of convincing demonstrations of what could be done with a more 
powerful language 

the technical difficulty of implementin| new languagei 

Everyone will agree that the first of these reasons is quickly vanishing, Th€ second reason would 
soon dissipate if we and others (such as the XeroK group) made available in a suitable form what 
wa now Know. And the third we see ; being rapidly changed by advances in software generation. 

During 1974-75 we Inveitigated new kngua|es for education from the following 
viewpoints: 

L3.2.1 Intelligent MonUorc 

These are systems which provide direct intelligent, help to the programmer in planning,, 
defining, executing and debugging procedures. It is dear that any system which does this must 
have knowledge about the domain for which the programi are written as well as about the 
programming process itself. Work in this area was initiated by L Goldstein in his doctoral 
dissertation (1973) and continued this year by M, Miller in an M.S. thesis and by M. Jeffrey in a 
BJ. thesis. In 1975M976. we plan to reach an important milestone in the development of these ideas 
by Implementing an operational monitor on the PDP*10 in Lisp-Logo. This will serve as an 
experimental system in which to actually observe the advantages and diiadvantages for children of 
a learning environment in which the computer assumes many of the responsibilities of the teacher. 

1.3.2,2 Agtor Samantles 

This new approach to the foundations of programming languages is under active 
development by both the XeroK group and by C. Hewitt here at MIT. Such languages seem 
particuiarly appropriate for control of animated graphics and, in this capacity, were eKplored in a 
paper by D; Hillis and in prototype systems by K. Kahn and R. Perlman. 

L3.2.3 Ungulstle ImpHeations of a Griphlas-Baaed Systam 

Almost all existing computer languages are designid to be used with teletypes. They do 
not take advantage of the capabilities for immediate visual feedback and more flexible structurt 
which become possible with a graphics terminal Ideas were investigated this year in papers by R, 
Lebel and R. Perlman, and we expect this to be an active area for future reiearch* 

io 



Logo Progr^n Report 1973-1^5 10 Building hfew Learning Environments 



lA Bridge AcHvttips 

The cancept of "bridge activity" has evolved in our thinking to focus on the idea of 
creating activities^ language, frames of reference^ etc. which connect both to the computer 
experience and to the familiar informal eKperiences of the child* 

1.41 Physi cal Skills 

Our most well-developed example of bridge activities is the cask of learning physical 
skills by canceptualizing the learning process of -people procedurei*' by an analogy with ''computer 
procedurei," In the past, we have eKperimented with projects based upon learning to ride a Bongo 
Board, juggling, riding a bicycle, walking on stilts and riding a unicyle. During the past y«r, H. 
Austin has developed a more precise procedural description of juggling through Che use of video 
tapes of subjects of varying degrees of competence and at various stages In the learning process. 

i.42Crafb ■ . 

Another area which should prove profitable n providing links between a child's normal 
eKperiences and the computer realm is that of craft projects. Durln| the last year, Claudette 
Bradley has explored the craft of beading as a medium for teaching mathematical concepts. In the 
new Learning Lab (Section 3,3), we plan to set aside space for such activities as block printing and 
building mobiles. 

L5 Goals fo r 1975-76 . 

The computer devices mentioned above will be used eKtenslvely with children in our new 
laming laboratory (see Section 3.3) durln| the coming months. In addition we. will be starting 
work on a number of new devices. One is an '*airplane seat" that can be interfaced to the 
computer for flight simulation. Another is a speech generatorj which can bt programmed to speak 
a number of different languages as well as provide voice output for Logo programs. Others 
Include a computer-controlled tone generator which will be used to more thoroughly integrate our 
work In music with our work in mathematics and physics, and an organ keyboard which can be 
used us an input device. 

Development of our time sharing system will be limited to interfacing these devices to tht 
cqmputer. We will also be taking advantage of the system's .capabilittes for filing and multiple 
^bs, to Improve upon the Logo subsystems already developed. For.eKample, the Teach system will 
be minified to make use of the new "real time" editor and a stock of "library routines" will bt 
furnished. 

We will be crying out a number of different graphics systems over the coming year, In 
order to find better ways to make use of color, shaded drawings and faster animation. In addition 
we plan to Interface a tablet to the system in order to allow for graphics input. THe deeper 
questions mentioned above, such as actor semantics, intelligent monitors and truly graphia^based 
languages, will be teniativtly explored in Implementations on the PDP-10 ind will form the biili 
for an advance seminar at MIT in th^ spring. 
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2. The Th eary behind the Env iranments 

Logo research in designing new learning invironments has always grown from two 
intellectual sources: the first is tht application of advanced computer technoIo|y to education and 
th^ second is an evolving theory of knowledge and intelligence based on a computational 
paradigm. The study of this theory is called Artificial Int€lli|ertce though this title is somtthing of 
a misnomer. While it reflects the historical origins of the field in usini machines ai a laboratory 
for testing theories of intelligence, it fails to indicate that the study is essentially "theoretical 
psychologyi^ i.e the construction of possible theories of intflllgence. 

Logo research seeks to adapt those theories of inteiUgence that art suitable for people as 
guidelines for the design of education. This has consequences for the discovery of /undimental 
characteristics of learning as well as the specific organization of a subject to optimize learning. 

The reader is referred to a recent paper entitled "Artificial Intelligence, Language and 
Education*' by Papert, Goldstein and Minsky for a deeper study of these questions. A continuing 
goal for 1976-1976 is to eKtend our understanding of learning and intelligence from an AI 
standpoint in order to develop new educational insights and applications. 

The follav^finf subsections describe specific curriculurn areas v;h^r^ we have mmd^ 
progress in reformulating the content to assume a more active computational form. 

El Malhamatjcs 

In 1974-75 we continued our search for ways to make mathematics more intuitively 
accessible to young students. Progress was achieved both by eKaminIng the implications of now 
computer-controlled devices as well as by taking a deeper look at some of our previous work. 

2. LI Turtle Gaometry and Differential GaQmttry 

In our proposal we outlined some theorems in our newly developed subject of Turtle 
Geometry. One very important one is the "Total Turtle Trip Theorem" if the turtle fellows a 
program and ends up in the sam^ position from which it started, thon, during the program, the 
turtle*! heading changes by a multiple of 360 degrees. This theorem is true In the plane, but it 
would be false if the turtle were moving, say, on the surf ace of a sphere. This observation 
provides the basis for an intuitive Turtle Geometry approach to modern Differential Oeometry-- 
curvature, geodesies, spherical geometry, the Gauss-Bonnet The0rem» and so on* H, Abelson and 
A, diSessi presented this material this summer in a series of lectures for high-schogl studenu. (A 
paper by diSeisa, which gives an eKtenslve treatment of this topic, currently eKlsts In draft fsffn 
and will shortly be completed.) 

2.1.2 "Eye Turtle Nav i gation" and Coordmate Systam s 

Consider the following project. The eye turtle is piaced In a rectangular room. There is 
a light at each corner of the room. The turtle ''notices where it Is" by measuring the observed 
angles between the lights. Now we move the turtle to another spot How can the turtle find its 
way back to the original position? 

There are two very different ways to approach this problem. One Is via trigonometry 
and standard trlangulatlon techniques to transform the angle data into Carteilafi crardlnatti. 
Another way to proceed gois somtthlng like this; "Look, there is nothing sacred about Deiartes* 
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ccordimta i/stim Why can't I make up i bitter oni mori suitii cothi problein? Hm about 
m\n%ti[i mgUs Mr»ijr/i;r3ascTOrdlnit<i?" This was eicplcirid by i rt umber of sludinU, including 
a high schODl class run by Rowe; alio, two |raduite students at tfii Uab» J. Oalkowilcl and D, 
Tietii#r» devaloped f?^back algorithma for navigatini in the "ingle cooNlnatt systinn'* ivhkch are 
wlablyeNmantary for pwentwiori t^ 

St gnal proeeiti rtfi, FiJfictigfii and Operators - 

In our work viiihihtm)^ turcli, lioW^varjc bKinrii cteir th^tt it^uch more sKcitlng w%y 
te use thlp im^icm wz% to wrk with a 560 d€|r€e ridar'^IIki jcan of th« turtle*i §urrc!urtdin|s. This 
proffipE^d the design of a s€Cond^ginaration eya turtle which is ho^ alfnost compteted, afid w€ 
e^p«( this ts Itad CO many new. prpjact^. Tor i^ample, tht dafa rmA In )by thf iyais "ncliy," and 
tlie 3i|tial must bi Mocth^d. In looking fcr obj^cti wt ara prcibably fnori inieriiNd In gradients 
than In Iritinsitles — the aignil tnust bm differmmtml We tHInk thSt such projects ivfll ptovlde 
vtrjf concrete ind accessible im^gei fw functions and opcratloris op functions and. wm pkn to 
bi|tn f^orl; on this as scon as th« n^w curtlf riady. 

3J *4 Plotters and Pattern HmomWw 

Nomtin^ a photo-diodi inplacaof thapeii ori cf Gur plotcirs proved a con v anient 
vi^ay fcir children to try their harcts it pacttrn recO|nittan t€chniques. Thi diode is moved using 
the normal plote^r commands, b^t Instead of drawini m line, the ituriiht can ask if the "pen" Is 
ctirrmtly an a light or dark am or whecbir it crossed a lirif durlng^ iti lisc mmm. Sonrte the 
pro jfcts undertiken by i group qf high scliool students we d^velopitig prograiTii to follow Mong 
itnis and ^urvei^ distinguishing bit^wien varioiisfigiiris, and V<adJng''handv^fittan Morse code. 



A vity dlfferert approach to giomeiry was f urcher a3^pbrid by I- Goldswin in 
"Gtrmtandi' a iubsyitenipf Llsp-tc^o. Unllka turtles, %arfni" livaon agtid ariclwher Ftiiy move 
they can Miy move norths south, ea4t or Vest. Sut cliere can ^e 3oti f emi all nnoving ac onct, 
rcraging for food or chasing one anotlier. This f^rms a backgrou^ Tar a number of promts 
ffiirging Ideas from ecology, gami rhbry and automata thecry. and we v^lll continue diveloprrHnt 
here* 

aUS Dfffsrcntial Gameiand Parillgl' Pro^mmWi 

^ One oiitg^rowth of the germlaiid idea m$ a PPPll/Lc7|o jubsysterfi for parallfl 
pTOMSitni- This was used by a claii MIT freshmen to inveitigac^ prcibl^ms In the cheary of 
differential lamei They wrott Logo prc^ram to tcit nrious "chaMiwade'* strategies/ ^KplowtA 
thf elai4ical ''lion and rnin* problem 

&U7 TuriiflLSwrwrtrv an d Mufnber Theory 

AInrtoit everyone Npoied to Turtle Ceonierry ^ulcklj invents the '*Po|y' program 
llluientfd in etir prcposat. But let's i^f bre Poly. \^hat is n^ed make the program dfai« a 
riyt^ildfd fl|ure» a nine^pQinttd itar? H^w many points ml\ there be df^< uje a BO d^ret angle? 
VVhat Napkins vlim We begirt^^^t^ Starting from qUestiMs like tMie wesson 

rind otf rstlves in naw fntthemtlcal tert Itnry, a su^ <^mbining g^mairy.. number theory and 
tlHOff^ computitlcn. Qpestions nngre from being su^itable for chitdreti to forming bases for 



Q ' inUiiMir frojitfi^t the altege Itvet TNfSff i»erc discussed thk yea*: In a >*orkinf pip<r fcy H.:. , 
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AbeUon. 

2.2 Physics 

2,a.l Orbits 

Thf ihwry of planttary orbits oiitlinid in our proposal was tKtfnded by H, Abflsorij A* 
dlSeiii and L» Rudolph into a compNte introducUon to this subject, includltig a qualitative 
approach to first order ptrturbation theory. This ivas publlshtd In iht July 1978 issue of The 
Amiftcan Journeit of Phpits and also provided the theoritical background for an orbit simulatim 
pr^ram discussed below (Section 2.5.1). 

a.a.a Color • 

are anHiouily awaltlri| tht Installation of our new projecting color TV console 
during the corning month. Anticlpattd pro^cts will dtal with color miKln|, spectral theory and 
optical Illusions involving color vision. 

Our proposed work In spectrt! theory should ilso dovetiil nicely with projects In the 
generation of soundi This vvill also be linked with work in music as well as with echoloeation 
projects mentiqnfd above (Section 1.1.2). 

Quilitative Physies 

The above work has sparked a general interist in what might be called the theory of 
"qualitative physics" This involves invisti|atin| knowledge used in solving physics problems, 
beyond what is classically formulated in equitlons. Specific projects last year included a completed 
M S. Thesis, "Qijalitatlve and Qjantititive Knowledge In Classical Mfchinics" by J. deKleer, and 
some prfliminary work by H. Lin on problems in undirstandlng thermodynamics. 

Z.% \ Troptsmi - 

The sketch on tropisms outlined in the proposal was eHtended by Abelson In work 
with MIT freshmen. This was another factor In the development of the parallel-processirig system 
mentioned above <Sectlon 21.S). 

2.3.2 UoEomacia 

Thinking about tropisms also led to work on the theory of "L^oniecia/ a combination 
of biological conslderatloni about tropisms and kineses with more mathematical notions of 
feedback and scalar and vector fields, Papert and C, Solomon did work in this area with 
children at the Martlii Luther King chooUn Cambridge, 



2,3.3 Mgrphology 
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Improved fraphics and animaaon facilUits in 1974-1975 itimulatfd work on procrtural 
Inslfhts into the ihapfs and movcmtnti of iiving thinp. A progrtm dfveloped by B. Dalifll 
demonstrated how ilmpli liiechanisfns could iccount far the evolution of animal horni. DiUfll 
End H. Liebeman have also b«gun work on a sirnulatid ^build-an-inimiHkit.*' This allows 
students to assemble new inlmals out of pre-programrntd modules luch as the head of a carnivore, 
the body of an herbivore, various Itgi, tails and so on. The program has not yic bien tested with 
ehlldrenp and we are parclcularl/ anxious to do so durin| the cominf year. We also plan to 
provide for animating the figures, as well as dtviloplng thforetical material to accompany thm 
program, Whyp for eKampIt, does in anlmai with a cirnivori's body and an herbivore's h«d 
"lock funny?" How could such a creaturi have evolved? 



a4 Music 

2,44 Insights Into tha Leirnlng Proeess 

The work of the music group took a major leip forward (his year by establishing a small 
satellite lab in a local public school. Telephone, compufer terminal and music bm together with a 
variety of drums* bells and other instruments were movid into .a room provided by the Martin 
Luther King SchMl In Cartibrld|e. There. J. Bimbergfr and G. Oreenberg, a graduate assistantp 
Worked with 4 nine-year-olds (and abpur 8 insistent visiting children) who were turned loose on our 
new inaterials. new langiii|^es and new games. The new content grew out of the previous year's re* 
thinking of the subject nnacter« its impllcacions for general intellectuai development and Its 
interfaces with the larger Logo world, • 

A detailed documeritation of this tKperienca has proven fKtraordinarily rich in revealing 
individual differences betwan children and ways in which known cognitive structures come into 
quite une^cpected interactions, One out of many hypotheses to account for the richness of events In 
this eKperiment is that miisic is ''out of stfp" with the feneral cognitive development of the 
children so that the teaming process is able to take a form analogous to crystalfiiation from a 
supfrsatprated solutioa V^hatever the reason^ there is no doubt that this learning situation Is 
extretnety Interesting as much (or more!) from the point of view of intellectual developmtiit In 
general as froni the narrower point of view of music education^ 

2A.Z Reprastntlng Musical Events 

G, Oreenberg has developed a visual display for music which includes a variety of ways 
for picturing pitch and tlrne; each of the picturei captures different features and relations of tlie 
musical structure, sound and picture are generated simultaneously. Neict year we hope to 
implement the possibility for a child to actually perform on a drum or keyboard ai input to the 
CQmputer, i.e/perform^nci will generate a real-time display of both picture and sound which will 
remialn in computer memory* A mechanical "time machine" which gives the child itiore "hands on*', 
control ^ the whole process has already been built We also want to integrate music and turtle 
animation to show relations between visual and sound transformation processes. 

In another area p. Johnstone, an MIT griduate student, has been dtveloplng formil 
models of children*! individual strate|ies for processing simple rhythms. Using the efcperifnental 
retulU of Bambfrger*s work with children, Johnstone is developing the Logo music language to 
make it more compatible wlih intuitive representations. At the same time he is working on projecu 
Md games which Include powerf ul tools for procedural musiC'thinkingr this klpd of procedural 
thinkini extmpQlatei to bulldinfi: structures In other domaini. as well. 
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Finally, Dur -ctnter'* in tht Education DivlslQn has iitracrfd a number of MIT 
undergraduacis through a coursa (Expenmintal Studifs in Musical Perctptlcn and Learning) 
which pushed the potential of the L^o music sysiim and its undt riying thinking wril beyond their 
previous limits. Students obstrvtd rhtir own and others* cognitive stritegles In musical problem 
wiving (sea the paper, **What's in a Tunt'*) and also cpmpoiid rather complex plices using entirely 
procedural descriptions of the structural relations they wanted. Their copious pEpers on thai© 
various projects will bt compiled and surnrnariEed in a forthcoming artUte. 

&5 Games and Simulations 
ZMA Orbit System 

The material on planetary orbiu (ste SecElon . 2.2.1) lei to a Logo subsysteri and a number 
of games and simulations dealing v/ith orbital mechanicj. Time wev^ designed and implemented 
by A. dlSessa, who will present a descriptive paper in September at che IFIP Second World 
Conference on Computers in Edwation. We feel that this work Is rather unique In that il 
embodies not only an interactive and fxtensible system for exploring physics, but also bulldi upon 
a theonUcally different way of preienting this material 

2,5.2 Da«le Part 

Everyone who knows the computer vvorld knovMS the game space war> F<iw games rival 
spacewar in its ability to hold players in a state of detp concentration and to develop such a 
cornpIeK culture of eKpertlse We would like to harness such games for educational use* The 
question arises whether Spacewar is in some way unique in terms of its fascination fi^r the player. 

Last fall, H. Abelson, A. diSessa and N. Goodman undertook the goal of designing m newr 
computer game that might rival spacewir in popularity. They succeedtd and created a game eafled 
Daiile Dart. This is a team game similar to hockey. Instead of hitting a puck, the attacking tieam 
tries to shine a *^beam of light* into a goal. The players control movabte mirrors which are used to 
deflect the beam. The rules require teammates to score, not by "direct hits." but by setting up 
reflection patterns among all the players. During January 1974 the highly successful "First World 
Dazzle Dart Competition** was held at MIT, 

While this is merely a ^'frivolous gime" we see it as a compelling confirmation tliat tht 
use of computers for highly interactive real-time control represents a potentially rich area which 
has hardly been touched by educational researcheri, 

, f . . . , 

Language 

Theoretical work on the relations between Artificial Intelligerice, linguistic itucllfi tnd 
education have become a major theme of work in the KfIT Artificial Inteltlgericf Labo 
in other centers. Several faculty memben and graduate students here are developliig new project* 
using computers to increase or observe the linguistic abllitlei of chlldi^ehv lln 
National Institute of Education grant. Prof essors Papert, Coldstein and Minsky 
of recent progress In Artificial Intelligence theories of language arid stutllid^^^^^^ 
application to education. In addition, Profpsor H. Sinclair of the Unlveriity of O 
spending the fall term with us ai Ylsitifif Professor in the Division for Study and Rtietrch to 
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Educauon, ind we expect the thaoretical baiis for our work in language to be sjl|riiricantly 
enhanced through this interacciorr. 

2.7 GQali for 1975-76 

Our fntrgits durin| this coming year will be devoted towards thoroughly integritlng . 
this nev? €orit€nt miterial into nnr ttachlng ixperiments. We expect to see' a number of Joint 
physics'^music projects centered around sound generation, a great deal of work with the new color 
display, and more investigation of **germlandHike** introductions to geoniftry* The simulattd "butid 
an animal kit** will be expanded and interfaced with a tablet in order co allow children to create 
their own "animal parts." Work on animating thesi creatures will point the way towards an 
elemencary ^procedural biophysics'* (How would you design a sturdy, yet flexible, leg?) as well ar> 
complement our current material on troplsms. 

Wt plan to continue our work in htiguage along two dimensions/ The first is to develop 
curriculum units for the various naturil language projects which we have explored in the past^ 
including the design of simple queition-aniwerini programi, sentence "generators and parsers. The 
second is to utilize advanced languagt comprehension systems devaloped by hX as interfaces to the 
intelligent monitor (Section 13.24) that we plan to impleme nt during the coming year. We will also 
interface Logo language projects with a voice generating devlct. The sophistication and relative 
economy of iiich devices make them an obvioui i^dditionil medium In which children am e?cp1ore 
language (beyond simply teletype interactions). 
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3. EKparf menting with Learnjng Environments 

3.1 Ovarview of Teaching. 1974-75 

Abqut 35 children rtn|lng in age from S to II spfnt somt time in tha Logo world this 
year. Thfir work ^as supervised by 8 piople, including f raduite and undergraduitt studfnts, 
Logo slaff and faculty. Most of tht children came form the Martin Luther King and Cambrtdgf 
AltfrnatiVf public schools. They worked in temporary ficllitiis in the Logo lab except for thosf 
who were in a satillitt lab with the King School <Section 2.11). The children d^tc rr\o%%\y with 
turtle geometry, and this year our staff developtd mw ideas for tiaching, for giving chitdreri more 
flexibility and for individualizing instruction. 

Staff members P, Coldenberg and C Solomon indented a number of procedures which 
are "child^sensltive" in that they relieve beginners of many of the often frustrating details of 
programming (See Sections The fourth and fifth graders became quite idept at 

manipulating the basic turtle comcnands, and did anlr^aticn projects which had embedded in them 
the paradigmatic heuristic of debuggin|t iditingp subprocedures, and dealing with inputs and 
variables. 

We have already mentioned some of the new devices (Section 1.15) and new computer 
systems (Sections I.1I) that were motivated by our work with preschoolers through third grade 
students. But hardware and software alone are not sufficient to make the computer environment 
accessible or beneficial to young children. E. Hildrath, an undergraduate at the lab, is preparing a 
booklet called "Logo for First and Second Oraderi: A Tescher's Helper" which is rich in new ways 
of approaching turtle graphics, su|gests both basic problems and basic new knowledge that 
children acquire in developing projects and also provides a detailed discussion of "bridging 
activities*' between computer concepts and the children's everyday world. 

Techniques for teaching first arad second graders can also be profitably used In work 
with older children, as well For wamplep a fifth grade child might spend half an hour workinf 
through what might be the entire program for a first grader. But even this brief initial period 
seems to have a substantial effect for some of the children* particularly the *'unmathemat|car 
children to whom we have alwayi given special attention. 

^.2 Intaractions with Plagetlan PsYchology 

The Genevan School of genetic eplstemotepy is an important intelfectual source for our 
point of view. Our project Is now at a level of development at which it is able to give as well as 
take from Piagftian thinking. Last fall Logo and the Education Division cooperated in inviting 
two students from Piaget*s center, O. de Marcellus and E« Ackermarin, to spend a month with us. 
Accompanied by S: ?apert, C. Solomon and a number of MIT students, Marcellus and Ackermann 
made daily visiti tp Cambridge elementary schools where in the Fiagetia'n style, they observed and 
interviewed^ young children and made videotapes of their experiments. The results of thes@p as 
well as broader issues of developmental psychology, were discussed by the group in a weekly 
seminar, 

S. Wagnert a graduate student at Harvard who has also studi^ at Cenevap is currently 
interviewing ehildren in Cambridge nursery schools in order to plumb the nature of their 
"linguistic theoriei* what's a word; what*s a sentence; how do you know? He has ilso been 
teaching Logo to $ and 9 year^olds with a special eye toward projects which will involve the 
children ipecif ically in talking about these thin|s, 
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Interactions with the Centtr for Genftic Eplstimology in Geneva (Switzerland) will 
continue during 1975-76 under Joint sponsorihip with the Education Division. Two students from 
the Center, C, Damni and C- pthenin-Oirardp will again be collaborating with us in the fall, and 
H Sinclair, Professor of PiychoUnguistici at tht University of Geneva, wHI be a Visiting Professor 
at the Education Division. 

3.3 Th# N#w Learning Laberitory 

The tack of adequate non-eomputer materials and a flexible environmint in which 
ehildren could take naps or play actively has hampfred our teaching f?cperJments over the past two 
years. During this ttmi we have been continually presiing to eitabllsfi a larger and better designed 
learning environment on the MIT campus. The construction of such an environment 1$ now 
underway and should be compleCid by lata September 

Beginning as soon as possible (October I) groups of children aged 7 through IS will comt 
to the lab on a regular basis, We have an on-going contact with teachers and administratori in 
local schools. We have invited them to come with their childrtn to observe and work, to attend the 
series of lectures which will initiate our own students into work in the lab and to keep a running 
"dialog" about how their work in the classroom can interact witb our work in the lab. 

The lab will include computer display terminals, a nnusic rMm, a room for physical skills^ 
spaces for deyices that are interfaced to the computer (eye-turtle, electric train, airplane seat, etc^) 
and areas for non^computer "bridge" activities such as block printiTig and building mobiles* This 
will be a major stfp towards havinr our own learning environment and creating the opportunity 
for children to be much more independent in choosing their activities and developing long-terfTi 
projects; In addition It provtdei a real area for observation, for designing and Implementing' new 
projects and for teacher trainin|. 

Work in the new learning lab wiil be a major focus of activity during the coming yean 
We hope that by the spring semeirer approximately thirty hours per week can be devoted to work 
with children from local elementary schools* During this final year of our 3-year contract, we shall 
particularly concentrate on refining both our computer material and our presentation. We ihall 
also pay particular attention to non-computer "bridge" activitlei such as those ntehtloned In Section 
%X In addition, teaching activities In the lab will be an inte|ral part of several MIT courses to be 
taught during the coming year (see Section 4.8), 

3.4 Work with Older Studants 

We also worked with high school students and college undergraduates in the Logo 
environment during 1974-75. This is not the major focus of our teaching activity, but it has 
nevertheless proved to be a valuable complement to our teaching at the elementary level. It is 
often possible, for eKimple, to test preliminary versions, of projects for children by using them with 
older students. 

3,41 Hieh Schoo! Students 

TMChing high ichMl students was done in the svimmer of 1974 under the auspices of the 
MIT High School Studies Program in classes led by J. Evans and K Rowe, This summer R. 
Flieher, himself a itudent Introduced to Logo in Rowe's class* ran an HSSP program. These 
ctelsei were used to test devices tike the lieht furMe (Stctien iJ.1) and the pkNter (Section ll&k ilso» 
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Fischer's class has L. n f^perlmenting with languagt and pattern matching (Section IJ.IJ), 

Thert is anothtr small group of high ichool students who havt b§m using Logo on an 
informal basis throughout the year. They have turned their attention to camputer games, and 
using our Logo system, have been able to deiign, implement and improve upon gamts such as 
"plffig pong** and "moon lander'* which are normally only used by students and developed b^r 
computtr professionals. 

3.42 Col lege Undergraduatas 

We also experimented this year using Logo as a tqol In MIT undergraduate couries. 
(Courses about the Logo project are discussed In Section 4J.) 

3.4.2.1 Mithamitics 

For the past two years^ Abelson has taughl seminars centfrtd around use of the Logo 
system to MIT mathematics students. In I97S the classes concentrated on doifig mathematics as 
opposed to ii^rntng about mathematics. This was accomplished through L^o computer projects 
whichp although simple from the purely programming point of view, lead quickly and natMrally to 
questions for mathematical research. The approach allowed even beginning undergraduates to^ 
work as creative mathemaEiuanf without having to first master a formidable technical apparatus^ 
We expect to repeat this course in 1976, and A. diSessi plans a similar eKperimint in physics. 

3.4.2.a Music 

J. Bamberger led a semlnir In which undergriduates used the Logo system in order to 
focus on such questions as: what does it miin to undiTSiand a piece of music? What is inNlilgent 
mustcal behavtor? How does it develop?' How does it relate to other aspects of intelligenct? 
Undefgraduates observed each other in various musical problem^solving activities, forrnulatrid 
hypotheses about how the features of a piece generate musical coherence and tested these via L^o 
and the music box. 

3.4.2.3 Computation in the Undtrgraduate Cyrrtcuiym 

Although our work focuses on elementary school science, we beliive that the kinds of = 
Ideas we have been developing are equally germane to education at the undergfaduate level, and 
that the concentration on ""computer-based dialogues" is as limited and short-sighted in the 
university as it is in the primary school This year we tiegan discusiions in this area with other 
educators at MIT, and alternative uses of computation in the undergraduate curriculum are 
discussed in a paper in progress by H. Abelson. 

3.S &cperim@nts in Ltarning 

3.5.1 TheFmodynamies Seminar 

During spring 1975, S. Papert ran a seminar with the goal of understandjlng why a 
subject like thermodynamics is univerially considered to be among the most difficult of the 
undergraduate science curriculum. Could a reformulation of the subject from i prpcedural 
viewpoifit decreaie its difficulty for a student? This txtinlnatiqn of therfnodynainics Is itill 
underway and represents one of our goals for 1975-1978. However; it Is worth irientionlng here thi 
method involved in this enterprise, namety actually studying the subjeet in t t^^^^^^ f^^^* 
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Tht "meta" refers to a concern in mt only solving the problems tridltionilfy posed in ttMtbooks, 
but to describat classify and discuss the problem solving strategies ustd. This approach 
complements nicely the design of learning environments ind m plan to apply it to ocher .subjects 
in the coming year. ' 

3.5.2 Informaj Thinking Seminar 

The DSRE sponsorfd a course |iven Jqinily by 5. Papert, Snyder, D, Schon and S, 
Rosenberg which studied the nature of "informal tli inking" is opposed to formal scientific 
problem sotving. Again the ttchnique was for members of the seminir to study some new problem 
In "meta-student" mode. Typical of the kinds of projects which students undertook were to learn to 
iketchi to learn how to deicrlbt to another the process of untying knots or to learn to Juggli. 
There is a comnron core to Informal and Formal Thinking in terms of problem so1ving« planning 
and debugging techniques. During I91H976, the course wiU be given again with the goal of 
making further progress in understanding informal thinking and developing techniquei for 
"thinking aloud/* 



as Goals for 1975-76 

We conclude with a more dttailed prtsentatlon of our teaching plans for the coming 
year. Our objectives fall into four broad cat^oribi: 

A. Improving our prtsfntatlon of Logo ideas. Developing and comparing different 
approaches to work in Logo, 

B. Obtaining clei^rtr and more r€litble observations of chMdren at work in the Logo 
environment. Being more precise about the skills which children learn through Lc^o 
activities. 

Using computitional tmh and ideas in coinitive res^rch. 

D. Building an intelfectual community. Clarifying prerequUite skills for doing this kind 
of research. Investi|ating issues of teacher training. 

The following nine t^ching activities are lilted to give examples of ipecific ways that we 
plan to meet the above objectives in the coming year* The list is only representative and Is not 
Intended to be comprehensive. It does not, for example, include, anticipated contlnuatim^ 
work at the high school and undergraduate levelSi nor the^further development of computer 
dtvlces and new, curricula discusied in Qur progress re 

. 3.6.1 Oeytleping a ieltcr Vocabulary tor PUnnini and Dabupiifii 

Formulating plans and debuggini programi have always b^ two essenUal-cornpontnts 
of a chiid^ Li^o experience* But in our tnchlng» we ourselves have nM been v#r^ about 
how one goes about doing these things, Recent research In artificial intelligence has tfeyelop^ 
rich voabMtary for describing various typei of plannin| and debugging jwraib^l^^ 
cUisits wilt focus oil iiiuei of plinningt and eipeclally attempt to^ h^^ beome niorf 

artl€»la^ about their plani and planning strategic* . ,1 : : - 

3,6,2 ''CaOTttrv afi a Grid'' aa an Altarnativ# Introduetron ttt Logo 
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21 E^pirtmints with Lmrnlng Bnvtronmints 



Mast children Introduced to Logo have be%m with turtle gfomftry, driwinf picturfs and 
animating ihtm, Ona of our classes this ytar will start with **prmland" sypf pro|rams as an 
Introduction to Logo. This will involve a different stt of mathematical conctpts. For eKample, the 
notion of "angle'* hardly appears at all, but iisues conc€rnin| interacting progri ms comt 
Imniediately to tht forefront. How does this compare with turtle geometry as a lource of projects 
for cWIdren? What nevy kinds of bugs arise? How does this alternative introduction to Logo 
affect the kinds of complete iti€s childrin can deal with in projects? 

3.6.3 Artlffial Behavior 

Another clasi will bt eKposed to yet a different alternate Introduction to L^o, based on 
procedural models of animal behavior Questions here will be similar to the ones listed under 
(3.6.2) above. . 

3.6.4 String Figures 

G. Freuder and G. Iba plan to invfitigate the use of "sculpturing figures out of string'* 
(symm^raphy) as a bridge activity. They will develop a procedural vocabulary for explaining 
this craft to children and also have the children participate in coordinated computer activitiei. 
(For example, using the computer as a design aid to simulate various possible siring figures.) We. 
also expect to focus on issues of how thi children mpve back and. forth between the "abstractnesi* 
, of the cornputer simulation and the Veallty*' of the actual maierlaU. 

3.6.5 Modifying Progeduras and "Systamitlc Changes" 

This activity addresses more directly Issues of how L^o work helps devetop the capacity 
for "formal thinking", Children will be asked to focus on the relations between the changes they 
make in their procedures and the changes in "what the procedure does" to talk eKplicitly about 
what changes and what remains invariantp and to find stralegies for making systematic changfs. 
(For ejcample, draw a necklace with round beads on the display. Now modify the procedures to 
make every other bead square ) This will be coupled with more classical Plagetian experimenti 
dealing with similar issuei 

3.6.6 Prames of R#ferenee 

This is another investigation into a component of "formal thinking" which will be 
coupled with plagetian experiments, Children will be given access to Lc^o environment which 
encourage! them to explore frames of reference and relative motion, . 

3.6.7 A PsycholQiy Lab for Kids 

A class of chlldrtn will be taught to write simple Logo programs which illus|rate 
psycholc^icar experlmenti (For example, drawing the MuUer-Lyer Illusion on the display or 
generating and testing for recall of strings of numbers,) 

3J,8 Assenfibllng Picturai out of Parts 

In a series of tKpertmints to be Mnducted by S. Wagner, children *vill be given access to 
pr^rarns which draw various standardized g^metrlc shapes. They will then be asked to assemble 
ihne into specif Ic pletures and discuss which parti art necessary for constructing a given picture: 



